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© Overmolded alignment ferrule. 

© An overmolded alignment ferrule for an optica) 
fiber connector having a high precision preformed 
portion (12) has a lower precision overmolded body 
portion (14), the high precision portion (12) including 
an anti-displacement feature (22) and a anti-flexural 
feature (40) for preventing ftexural, rotational or tor- 
sional movement of the high precision portion (12) 
relative to the body portion (14). The overmolded 
alignment ferrule is formed by overmolding the body 
portion (14) about the high precision portion (12) 
generally surrounding and embedding the anti-dis- 
placement features (22) and the anti-flexure feature 
(40) and extending rearward therefrom. 
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This application relates to alignment ferrules 
used in optical fiber connectors for aligning optical 
fibers with mating fiber optic devices. 

A fiber optic connector within the field of this 
invention utilizes the precise dimensions of an 
alignment ferrule to accurately align an optical fiber 
therein with a mating fiber optic device. Typically, 
the ferrule will have a high precision front section 
that is concentric with a central passage in which 
the optical fiber is held, whereby orientation of the 
front section also orientates the corresponding op- 
tical fiber. A lower precision body portion is used to 
incorporate the ferrule into the fiber optic connec- 
tor. These ferrules may be used either singularly or 
in conjunction with others. 

Ferrules have been manufactured using a vari- 
ety of methods to accommodate the high precision, 
and its associated costs, at the front section, while 
realizing cost savings through the lower precision 
requirements of the body portion. U.S. Pat. No. 
4,634,214 discloses a two-piece ferrule where the 
front section is a cylindrical ceramic piece that is 
frictionally fit or bonded within a collar of a lower 
precision rear section. 

U.S. Pat No. 5,013,122 discloses a ferrule that 
is made from metal or thermoplastic material hav- 
ing the high precision front section and the body 
portion integrally formed. A bipartite ferrule may 
also be produced by attaching the front section to 
the rear body portion through the use of mechani- 
cal means, such as threads or bosses, or through 
bonding means, such as the use of heat, ultrasonic, 
or adhesive techniques. 

Another ferrule, made from injection molded 
plastic, is disclosed in U.S. Pat No. 4,834,487. This 
is a one piece ferrule that has a precision front 
section and a body portion formed such that the 
precision front section is free of molding flash. 

The ferrules disclosed in the above patents 
have a number of drawbacks for high volume pro- 
duction. While the one piece ferrules have the 
necessary structural integrity, their production pro- 
cesses are limited by the high precision required at 
the front section. The two piece ferrules allow the 
manufacturing process and materials selection to 
be tailored to the particular sections of the ferrule, 
allowing for optimization of the manufacturing pro- 
cess. However, the two piece ferrules require join- 
ing features, such as threads, bores, or bosses, be 
incorporated. These additional features can impose 
the same precision requirements on the rear body 
section that were trying to be avoided. 

What is needed is a ferrule that may be pro- 
duced economically and in high quantities while 
taking advantage of the different precision and ma- 
terial requirements of the front section versus the 
rear body section, while still maintaining the preci- 
sion required at the front section so that the optical 


fiber therein may be reliably coupled to the fiber 
optic device. 

The overmolded alignment ferrule of this inven- 
tion is used in fiber optic connectors to couple an 
5 optical fiber therein to a fiber optic device. The 
ferrule has a pre-formed precision portion having a 
front section for aligning the optical fiber therein 
with the fiber optic device and an overmolded body 
portion configured for incorporating the alignment 
10 ferrule into the fiber optic connector. The precision 
portion also has a rear section, rearward of the 
front section, having an anti-displacement feature 
or member thereupon and a central passage ex- 
tending therethrough for positioning the optical fi- 
ts ber concentrically with the front section. The over- 
molded body portion enclasps the anti-displace- 
ment feature embedding it therein which prevents 
relative displacement between the precision portion 
and the body portion by locking the two portions 
20 together. The body portion extends rearwardly from 
the precision portion and is configured to incor- 
porate the alignment ferrule into the particular con- 
nector. The body portion has a fiber receiving 
opening in communication with the central passage 
25 of the precision portion to guide the optical fiber 
thereto. 

It is an object of this invention to provide an 
alignment ferrule having separately producible pre- 
cision and body portions that are integrally inter- 

30 connected to form an essentially unitary ferrule. 

It is a feature of this invention that the align- 
ment ferrule may be produced with a pre-formed 
high precision portion to align the optical fiber with 
a mating fiber optic device that is overmolded by a 

35 body portion of lesser precision that incorporates 
the alignment ferrule into the fiber optic connector. 
It is another feature of this invention that an anti- 
displacement feature may be included as part of 
the precision portion and be embedded within the 

40 overmolded body portion, thereby preventing axial 
or torsional displacement. It is yet another feature 
of this invention that an anti-flexure feature or 
member may be used to minimize flexure of the 
front section relative the rear section and could be 

45 at least partially embedded within the overmolded 
body portion. 

It is an advantage of this invention that the 
body portion could be overmolded about the preci- 
sion portion to form a shrink fit seal therebetween 

so to prevent delamination caused by the ingress of 
moisture. It is another advantage of this invention 
that a generic precision portion may be overmol- 
ded with various body portion configurations. It is a 
further advantage of this invention that the two part 

55 construction of the alignment ferrule enables a 
shorter core pin to be used in molding the preci- 
sion portion, thereby effectively stiffening the core 
pin to minimize critical variations between the cen- 
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tral passage and the front section. 

A two piece alignment ferrule for an optical 
fiber connector having a precision portion and a 
body portion the precision portion has an anti- 
displacement member thereupon, and the body 
portion is overmolded closely enclasping the anti- 
displacement member and securely embedding the 
anti-displacement member therein to prevent dis- 
placement of the precision portion relative the body 
portion. 

Embodiments of the invention will now be de- 
scribed by way of example with reference to the 
accompanying drawings in which: 

FIG. 1 is a perspective view of a bayonet-style 
optical fiber connector and an optical fiber for 
use therein. 

RG. 2 is a perspective view of an overmolded 
alignment ferrule usable with the optical fiber 
connector of RG. 1. 

RG. 3 is a perspective view of the precision 
portion of the overmolded alignment ferrule of 
RG. 2. 

FIG. 4 is a cross-sectional view of the precision 
portion including a phantom representation of 
the body portion of the overmolded alignment 
ferrule. 

FIG. 5 is a cross-sectional view of the overmol- 
ded alignment ferrule. 

FIG. 6 is a sectional view of the overmolded 
alignment ferrule taken along line 6-6 of RG. 5. 
FIG. 7 is a cross-sectional view of the injection 
mold used to mold the precision portion of the 
overmolded alignment ferrule in the closed posi- 
tion and showing the precision portion therein. 
RG. 8 is a cross-sectional view of the of the 
injection mold of RG. 7 in the open position. 
RG. 9 is a cross-section of the four-part mold, 
shown in the closed position, used to overmold 
the body portion about the precision portion. 
RG. 1 shows an optical fiber connector 1 hav- 
ing an alignment ferrule 2 for aligning an optical 
fiber 4 therein with another fiber optic device (not 
shown). The optical fiber shown has a buffer coat- 
ed portion 6 and a bare portion & This optical fiber 
4 could be part of a fiber optic cable (not shown) 
that may also include strength members and a 
protective outer jacket. The connector 1 shown in 
the drawings is intended to be illustrative only and 
is not meant to limit the present invention. It is 
envisioned that this invention will be applied to a 
variety of connector styles, including epoxyless 
and duplex connectors. The ability to overmold a 
connector specific body portion about a generic 
precision portion to form an alignment ferrule is 
one particularly attractive aspect of the present 
invention. 

As seen in FIGS. 2 and 3, the alignment ferrule 
2 of the present invention has a precision portion 


12 and an overmolded body portion 14. The preci- 
sion portion 12 has a front section 16 closely 
dimensioned for accurate alignment with the other 
fiber optic device. The overmolded body portion 14 

5 is of lesser precision and is configured to incor- 
porate the ferrule 2 into the fiber optic connector 1 
and, where necessary, to assist in positioning and 
retaining the optical fiber 4. 

The precision portion 12 has a cylindrical front 

ro section 16 and a rear section 18. The front section 
16 extends rearward from a front face 20 and is 
constructed for aligning the ferrule 2 with the fiber 
optic device by being closely received within a 
sleeve (not shown) that is aligned with the optical 

75 axis of the fiber optic device. The front section 16 
is not limited to a cylindrical configuration and may 
take any shape consistent with the alignment func- 
tion. 

As shown in FIG. 3, the rear section 18 in- 

20 eludes an anti-displacement feature 21 that, in its 
most general form, is a surface irregularity, which 
when overmolded, will prevent displacement of the 
precision portion 12 relative the overmolded body 
portion 14. The anti-displacement feature 21 shown 

25 is a collar 22 that extends outward of the front 
section 16 along the rear section 18. This collar 22 
has a forward facing facet 23 and a rearward facing 
facet 25. When these facets 23,25 are tightly en- 
capsulated by the overmolded body portion 14, as 

30 described below, the precision portion is axially 
locked in position. 

The frictional forces between the overmolded 
body portion 14 and the precision portion 12 may 
be insufficient to prevent torsional displacement of 

35 one portion relative the other. If so, the anti-dis- 
placement feature 21 may include radial facets 
27,27a which, in this embodiment, are opposite 
facing surfaces of a rib 40. These facets 27,27a are 
also tightly encapsulated by the overmolded body 

40 portion 14 and prevent torsional displacement of 
the two portions 12,14. 

The anti-displacement feature 21 may take on 
numerous forms. The feature 21 could be a series 
of protrusions or depressions which could be 

45 thought of as having a large number of facets with 
at least some facing forward, rearward, and radially. 
The feature 21 could also be a chordal section of 
the rear section 18, such as a flat across the 
cylindrical surface. The ends of the flat would be 

so the forward and rearward facets, while the chord 
would function as the radial facet. The collar could 
have a polygonal profile, instead of cylindrical, 
where the sides of the polygon would act as the 
radial facets 27,27a to prevent torsional displace- 

55 ment. There are numerous other configurations 
within the envisioned scope of this invention. The 
salient feature being that when the feature 21 is 
overmolded it is enclasped in a way that locks the 
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precision portion 12 to the body portion 14, thereby 
preventing relative displacement 

The rear section 18 extends from the collar 22 
rearward along a rear sleeve 24 to a fiber receiving 
face 26. A central passage 28 extends into the 
precision portion 12 from a fiber receiving face 26 
and through the front face 20. The central passage 
28 holds the optical fiber 4 within the front face 20 
for coupling to the other fiber optic device. 

As shown in FIG. 4, the central passage 28 has 
a primary bore 30 and a fiber bore 34. The primary 
bore 30 extends inward from the fiber receiving 
face 26 to the fiber bore 34 which is concentric 
with the front section 16. The primary bore 30 is 
sized to receive the buffer coated portion 6 of the 
optical fiber 4 therein. There is a constriction be- 
tween the primary bore 30 and the fiber bore 34 
which is where adhesive would typically be placed 
to bond the optical fiber 4 to the alignment ferrule 
2. The fiber bore 34 is sized to closely receive the 
bare portion 8 of the optical fiber 4. 

In addition to the anti-displacement feature 21, 
an anti-flexure feature 39 may be included in the 
precision portion 12 to oppose flexure of the front 
section 16 relative the rear section 18. The anti- 
flexure feature 39 shown in the drawings is a 
plurality of ribs 40 extending from the collar 22 
forward ly and radially along the front section 16, 
thereby stiffening the front section 16 relative the 
rear section 18. The anti-flexure feature 39 acts as 
a stiffening gusset for the front section 16 and is 
especially applicable where the central passage 28 
is large relative the front section 16. which leaves a 
thin wall 44 therebetween. 

These ribs 40 include the radial facets 27,27a 
that enhance the anti-displacement aspect of the 
collar 22. The body portion 14 is torsional }y locked 
to the precision portion 12 when voids 42 between 
the ribs 40 are overmolded. As described below, 
the overmolding fills the voids 42 with material of 
the overmolded body portion 14, thereby embed- 
ding the ribs 40 therein, as best seen in FIG. 6, 
locking the precision portion 14 to the overmolded 
body portion 16. 

The body portion 14 may be manufactured to 
lesser levels of precision than the precision portion 
12 and is configured to incorporate the alignment 
ferrule 2 into the particular connector 1. The body 
portion 14 is inherently connector specific and, 
because it may take on various configurations, is 
described herein only generally as an example. 

As shown in FIG. 5, the body portion 14 en- 
clasps the collar 22 and the ribs 40 within a flange 
46. This flange 46 has a cylindrical shape with a 
key 48 thereupon, for mating the connector 1 with 
the fiber optic device (not shown). The flange 46 
has a forward face 49 and a rearward face 50. The 
rearward face 50 acts as a bearing surface for a 


coil spring 52 to bias the alignment ferrule 2, and 
the optical fiber 4 therein, forward ly towards the 
fiber optic device. The flange 46 can be con- 
structed in numerous other forms and for other 

5 uses, such as to prevent the alignment ferrule 2 
from rotating relative the connector 1 . 

A housing 54 extends rearward from the rear- 
ward face 50 to a rear face 56. As illustrated, the 
housing 54 has a primary outer diameter 58 onto 

70 which the coil spring 52 and a bayonet housing 60 
fit to hold the connector 1 to the fiber optic device. 
The primary outer diameter 58 includes a groove 
62 for receiving a clip (not shown) that holds the 
bayonet housing 60 in place, enabling the coil 

75 spring 52 to act on the alignment ferrule 2. Rear- 
ward of the primary outer diameter 58, a retention 
section 64, over which strength members of an 
optical fiber cable (not shown) may be held in 
place. 

20 The fiber receiving opening 66 is connector- 
specific and may take numerous forms. As shown, 
a fiber receiving opening 66 extends from a rear 
face 56 into communication with the central pas- 
sage 28 of the precision portion 12 to define a 

25 continuous passageway 72 for the optical fiber 4 
between the front face 20 and the rear face 56. It is 
this continuous passageway 72 within which the 
optical fiber 4 is bonded into place. 

The overmolded alignment ferrule 2 is con- 

30 structed by overmolding a body portion 14 onto a 
pre-formed precision portion 12. The precision por- 
tion 12 may be manufactured using injection mold- 
ing, machining or other methods. The precision 
portion 12 may be made from a plastic, ceramic or 

35 metal. Presently, it is envisioned that the precision 
portion 12 will be manufactured in high quantities 
by a plastic injection molding process. An appro- 
priate material, having high strength and thermal 
stability, is VECTRA, a liquid crystal polymer, sup- 

40 plied by Hoechst-Celanese of Chatham, New Jer- 
sey. 

FIGS. 7 and 8 disclose an injection mold 74 for 
producing the precision portion 12. The injection 
mold 74 has an upper mold block 76 and a lower 

45 mold block 78 constructed to be linearly separable. 
A parting line imperfection typically occurs where 
mold blocks meet, whereby an imperfection is left 
in the produced piece. To assure the precision 
required along the front section 16, the mold blocks 

so 76,78 are constructed to mate somewhere other 
than along the front section 16, thereby producing 
a front section 16 free of parting line surface imper- 
fections. In addition, to assure the desired concen- 
tric relationship between front section 16 and the 

55 fiber bore 34 of the precision portion 12, separation 
of the mold blocks 76,78 should occur along the 
axis of those features 16,34, thereby enhancing the 
ability of the process to maintain the required con- 
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centricity. FIG. 7 shows an injection mold 74 con- 
struction that would result in the parting line 77 
occurring along the rearward face 50 of the collar 
22. 

The upper mold block 76 contains a central 
passage core pin 80 within a upper cavity 82 which 
defines at least a portion of the rear section 18 of 
the precision portion 12, including the fiber receiv- 
ing face 26. The central passage core pin 80 
extends from the upper mold block 76 so that 
when the upper mold block 76 and the lower mold 
block 78 are dosed, the central passage core pin 
80 extends into a pin seat 86 within the lower mold 
block 78. The manufacturability of the satisfactory 
precision portions 12 is enhanced by keeping the 
central passage core pin 80 as short as possible, 
thereby enhancing its stiffness. 

A lower cavity 84 defines the front face 20, the 
front section 16, the collar 22 and the ribs 40. The 
pin seat 86 receives the central passage core pin 
80 and maintains the concentricity of the fiber bore 
34 and the front section 16. The mold blocks 76,78 
are closed and fluid material, such as a plastic, is 
injected into the annular volume defined by the 
upper cavity 82, the lower cavity 84, the core pin 
seat 86 and the central cavity core pin 80. The 
material solidifies therein forming the precision por- 
tion 16. Once solidified, the upper and lower mold 
blocks 76,78 are separated along the axis of the 
precision portion 12 and the completed precision 
portion 12 is ejected, as shown in FIG. 8. 

The overmolded alignment ferrule 2 is formed 
using an overmolding process of injection molding 
a body portion 14 upon the pre-existing precision 
portion 12. A lesser degree of precision is required 
in the manufacture of the body portion 14 due to its 
limited function of incorporating the alignment fer- 
rule 2 into the connector 1. A different material 
may be used to form the body portion 14 than was 
used for the precision portion 12 based on either 
economical or structural considerations. A particu- 
larly advantageous material is a thermoplastic poly- 
ester VALOX sold by General Electric Plastics of 
Pittsfield, Massachusetts which has a molding tem- 
perature sufficiently below the melting temperature 
of the precision portion 12 so that the precision 
portion 12 is not adversely effected during the 
overmolding process. 

As shown in FIG. 9, a four part mold 88, having 
both side action and longitudinal action, is used for 
forming the body portion 14 about the precision 
portion 12. The four part mold 88 may incorporate 
more or less parts depending on the specific con- 
figuration of the body portion 14, enabling a wide 
variety of features to be included in the body 
portion 14. The four part mold 88 has a top die 90 
and a bottom die 92. The bottom die 92 sealably 
receives the precision portion 12 within a blind 


bore 94 along the front section 16 preventing bleed 
of fluid material therebetween during the overmold 
process. 

The top die 90 has a fiber receiving opening 

s core pin 96 that defines the fiber receiving opening 
66 in the body portion 14. This core pin 96 extends 
towards the bottom die 92 such that when the four 
part mold 88 is closed, with the pre-existing preci- 
sion portion 12 positioned within the bottom die 92, 

10 the fiber receiving opening core pin 96 extends into 
the central passage 28 of the precision portion 12, 
thereby sealing the central passage 28 and pre? 
venting the fluid material from bleeding therein, ft 
would also be possible to have the fiber receiving 

75 core pin 96 abut the fiber receiving face 26 in order 
to prevent the fluid material from bleeding into the 
central passage 28. 

Two laterally opposing side dies 98,98a have 
partial cavities 100,100a therein which, when the 

20 side dies 98,98a are combined, substantially define 
the body portion 14 of the overmolded alignment 
ferrule 2. The lesser precision requirements of the 
body portion 14, relative the precision portion, al- 
low side motion of the opposing side dies 98,98a to 

25 be used. 

Once the four part mold 88 is assembled, a 
flange cavity 102, that defines the flange 46, is 
created by the laterally opposing side dies 98,98a 
and the bottom die 92. The collar 22 and the ribs 

30 40 of the precision portion 12 are within the flange 
cavity 102 while the rear sleeve 24 extends there- 
through into a body cavity 104 which extends up- 
ward from the flange cavity 102. The body cavity 
104 has features that correspond to the already 

35 described body portion 14. The top die 90 defines 
the rear face 56 of the body portion 14. 

Fluid material is inserted into the annular vol- 
ume defined by the precision portion 12, the flange 
cavity 102, the body cavity 104 and the fiber re- 

40 ceiving opening core pin 96. The fluid material is 
solidified and the mold is separated. The top die 90 
is extracted along A-A. The laterally opposing side 
dies 98,98a are separated along B-B. Once those 
dies 90,98,98a have been separated, the complet- 
es ed overmolded alignment ferrule 2 may be re- 
moved from the lower die 92. 

ft will be appreciated that the present invention 
has significant advantages over prior art optical 
fiber alignment ferrules. The present invention pro- 

50 vides for the manufacture of a highly precise preci- 
sion portion attached to a lower precision body 
portion while still maintaining the function and 
structural integrity of a single piece ferrule. The 
body portion may be overmolded upon the prech- 

55 sion portion to provide a shrink fit seal that will 
prevent delamination of the two portions. Finally, in 
embodiments of the invention that utilize a molded 
precision portion, the present invention enables 
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shorter core pins to be used which enables more 
reliable production to be recognized. 

It should be recognized that the above-de- 
scribed embodiments and forms, constitute the 
presently preferred forms of the invention and that 
the invention may take numerous other forms, 
some of which have been described above. 

Claims 

1. A two piece alignment ferrule(2) for an optical 
fiber connector having a precision portion(l2) 
and a body portion(l4) 

characterized in that 

said precision portion(12) has an anti-dis- 
placement member (21) thereupon, and 

said body portion (14) is overmolded close- 
ly enclasping the anti-displacement member- 
(21) and securely embedding the anti-displace- 
ment member(21) therein to prevent displace- 
ment of the precision portion(12) relative the 
body portion(14). 

2. A two-piece alignment ferrule(2) of Claim 1, 
wherein the precision portion(12) includes an 
anti-flexure member(39) that extends from the 
rear section towards the front section to mini- 
mize deflection of the front section relative the 
rear section. 

a A two-piece alignment ferrule(2) of Claim 2, 
wherein the overmolded body portion(14) en- 
clasps the anti-flexure member(39). 

4. A two-piece alignment ferrule(2) of Claim 1, 
wherein the precision portion (12) is molded. 

5. A two-piece alignment ferrule(2) of Claim 4, 
wherein a parting line imperfection(77) is along 
the rear section of the precision portion(12). 

6w A two-piece alignment ferrule(2) of Claim 1, 
wherein the Precision portion(12) is plastic 

7. A two-piece alignment ferrule(2) of Claim 1, 
wherein the precision portion(12) and the body 
portion(14) are different materials. 

& A two-piece alignment ferrule(2) of Claim 1, 
wherein the anti-displacement member is a 
collar that extends outward beyond the front 
section of the precision portion (12). 

9. A two-piece alignment ferru!e(2) of Claim 8, 
wherein a rib(40) extends from the collar(22) 
along the precision portion to minimize flexure 
of the front section(16) relative the rear 
section(18). 


10. A two-piece alignment ferrule(2) of Claim 8, 
wherein a plurality of ribs(40) extend from the 
collar along the precision portion to minimize 
flexure of the front section(16) relative the rear 
5 section(18). 
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